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SUMMARY 

A wind-tunnel invest igat ion has been made t o  determine the e f f e c t s  
of symnetrical and unsymmetrical elevon def lec t ion  on the static aerody- 
namic cha rac t e r i s t i c s  of a hypersonic g l ide r  model. The model had a 
highly swept clipped-tip low t r iangular  wing w i t h  a cranked leading edge 
and upper-surface tip-mounted v e r t i c a l  tai ls  with 0 . lo  toe-out. T e s t s  
were made a t  angles of s i d e s l i p  of Oo and about 5 O  a t  Mach numbers of 
about 0.62 and 0.96 through an angle-of-attack range from about -lo t o  
l9O. 
were 2.64 x 10 
t ive ly .  Transit ion s t r i p s  were applied near the leading edge of a l l  
model configurations.  

Average Reynolds numbers, based on the wing mean aerodynamic chord, 
6 6 and 2.75 x 10 a t  Mach numbers of 0.62 and 0.96, respec- 

The r e s u l t s  indicate  that, a t  both t e s t  Mach numbers, the slopes of 
the normal-force curves were l i n e a r  a t  low angles of a t tack  but  increased 
a t  moderate angles of a t t ack .  Adequate elevon control  was avai lable  f o r  
longi tudinal  t r i m  a t  both t e s t  Mach numbers. 
def lect ions invest igated,  the configuration had a tendency t o  become 
unstable a t  moderate angles of a t tack  f o r  a Mach number of about 0.62 and 
had a tendency toward decreased s t a b i l i t y  a t  moderate angles of a t t a c k  
f o r  a Mach number of about 0.96. A t  both t e s t  Mach numbers, elevon 
rolling-moment effect iveness  generally decreased with increases i n  angle 
of a t tack .  
angle-of-attack range a t  both Mach numbers and had almost neut ra l  d i rec-  
t i o n a l  s t a b i l i t y  a t  a Mach number of about 0.62 and pos i t ive  d i r ec t iona l  
s t a b i l i t y  a t  a Mach number of 0.95. 

A t  a l l  symnetrical elevon 

The model had pos i t ive  e f fec t ive  dihedral over most of the 
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INTRODUCTION 

A series of investigations have been undertaken at various Langley 
wind-tunnel facilities to provide information on the aerodynhmic charac- 
teristics of several hypersonic glider models from landing to hypersonic 
speeds. The purpose of the present investigation was to provide high 
subsonic information on the effect of elevon deflection on the static 
aerodynamic characteristics of one of these hypersonic glider models. 

The results show the effect of symmetrical and unsymmetrical elevon L 
deflection on the static longitudinal and lateral stability characteris- 7 
tics of the model. The tests were conducted in the Langley transonic 6 
blowdown tunnel at Mach numbers of about 0.62 and 0.96, at angles of 0 
attack from about -lo to 1go, and at angles of sideslip of Oo and about 
5'. 
gated in the program are presented in references 1 and 2. 

High subsonic results for some of the other configurations investi- 

SYMBOLS 

The forces and moments are referenced to the body axes which have 
their origin on the body center line at 64 percent of the body length. 

A aspect ratio 

b wing span 

CN 
Normal force normal-force coefficient, 

%us 

incremental normal-force coefficient due to control deflection ACN 

CY side-force coefficient, Side force 
- 

per degree - &CY 
cyB & 

- -  

Cl 
Rolling moment rolling-moment coefficient, 

gooSb 

- bCZ 
' 1 ~  a p  

- - per degree 
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Pi tching moment pitching-moment coef f ic ien t ,  
L S E  Cm 

ACm incremental pitching-moment coef f ic ien t  due t o  control  
def lec t ion  

Yawing moment yawing-moment coef f ic ien t ,  
%Sb 

5-l 

CnP = ap per  degree 

- 
C wing mean aerodynamic chord 

M a  free-stream Mach number 

s, free-stream dynamic pressure 

r radius  

S wing t o t a l  area 

CL angle of a t t ack  

P angle of s i d e s l i p  

6 elevon def lect ion,  pos i t ive  value indicates  downward def lec t ion  

Subscripts : 

L l e f t  

R r i g h t  

av 

Model designations: 

average def lec t ion  of symmetrically def lected elevons 

fuselage B3 

v e r t i c a l  t a i l  v5 

wing w5 
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MODELS AND APPARATUS 

The model had a highly swept clipped-tip low t r iangular  wing wi th  
a cranked leading edge and upper-surface tip-mounted v e r t i c a l  ta i ls  
with 0.lo toe-out. A drawing of the model (designated B3W3V5) i s  pre- 
sented i n  f igure  1 and a photograph of the model i s  shown i n  f igure  2. 
The p l a in  flap-type elevons were hinged about the l i n e  shown i n  f i g -  
ure 1. All par t s  of the model were constructed of s t e e l .  

The model w a s  mounted on a five-component e l e c t r i c a l  strain-gage L 
7 balance t h a t  w a s  at tached t o  the s t i ng  support system of the Langley 

transonic blowdown tunnel which has an octagonal s l o t t e d  throa t  sect ion 6 
measwing 26 inches between f la t s .  0 
located a t  45.5 percent of the wing mean aerodynamic chord, which corre- 
sponds t o  64 percent of the body length. 

The moment center of the model w a s  

TESTS 

Normal-force, pitching-moment, rolling-moment, yawing-moment, and 
side-force balance data were obtained f o r  a l l  configurations. The tests 
were made a t  tunnel stagnation pressures of 31 and 25 pounds per square 
inch absolute f o r  Mach numbers of about 0.62 and 0.96, respectively,  and 
through an angle-of-attack range a t  s ides l ip  angles of 0' and about 5 O .  
The angle of a t t ack  w a s  varied from about -lo t o  a maximum of about 1.9'. 
Average Reynolds numbers, based on the wing mean aerodynamic chord, were 
2.64 x 10 6 and 2.75 x 10 6 f o r  Mach numbers of 0.62 and 0.96, respect ively 

The various elevon def lect ions investigated a t  an angle of s ides l ip  
of Oo, which are l i s t e d  as tiL and %, respectively,  were 0' and O o ,  Oo 
and -10.2', - 9 . 9 O  and -10.2', and -10.2O, lO.5O and 0' and 
-19.80, and -19.9O and -19.80. 
s i d e s l i p  of about 5 O  were 0' and Oo, and - 1 9 . 9 O  and - 1 9 . 8 O .  

Elevon def lect ions t e s t ed  a t  an angle of 

For a l l  tests t r ans i t i on  s t r i p s ,  consisting of 0.001- t o  0.002-inch 
carborundum grains blown on a t h i n  coating of wet shel lac ,  were applied t o  
the model configurations. 
an inch wide and the grains covered 5 t o  10 percent of the s t r i p  area.  
The leading edges of the t r ans i t i on  s t r i p s  were located on the upper and 
lower surfaces of the wing a t  5 percent of the l o c a l  chord, on both 
s ides  of the v e r t i c a l  t a i l s  a t  7 .5  percent of the loca l  chord, and on 
the body a t  the l i n e  of tangency between the spherical  nose and the 
forebody cone. 

(See ref .  3.) The s t r i p s  were about 1/16 of 
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PRECISION 

Estimated accuracy of coeff ic ients  (based on balance accuracy) and 
other  per t inent  parameters a re  as follows: 

c , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c p . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c y . . . . . . . . . . . . . . . * . . . . . . . . . . . . . .  
a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

f0 .01 
+0.002 

+o .001 
AO .003 

+o .007 
fO .1 
fO.1 

+o .02 

No corrections due t o  tunnel-wall e f f ec t s  or s t ing  interference have 
It i s  believed, however, that these corrections been applied t o  the  data .  

would be s m a l l .  (See r e f s  . 4 and 5 .  ) 

RFSULTS AND DISCUSSION 

The e f f ec t s  of symmetrical elevon def lect ion on the longi tudinal  
aerodynamic charac te r i s t ics  are shown i n  f igures  3 and 4 f o r  Mach numbers 
of about 0.62 and 0.96, respect ively.  
of Mach number on the  var ia t ion of the longitudinal s t a b i l i t y  parameter 
and the  center-of-pressure locat ion with normal-force coef f ic ien t  a r e  
shown i n  f igure  7 f o r  an elevon def lect ion of Oo. 
metrical  elevon def lect ions on the l a t e r a l  and incremental longi tudinal  
aerodynamic charac te r i s t ics  a t  Mach numbers of about 0.62 and 0.96 are 
shown i n  f igures  6 and 7, respectively.  
angles of s ides l ip  of 0' and about 5 O ,  shows the e f f e c t  of angle of 
a t t ack  a t  both Mach numbers on the  lateral  s t a b i l i t y  derivatives f o r  the 
model with and without the  elevons deflected.  

Summary curves showing the e f f e c t  

The e f f ec t s  of unsym- 

Figure 8, based on t e s t s  a t  

Longitudinal Aerodynamic Characterist ics 

Normal-force charac te r i s t ics . -  The normal-force curves of f i g -  
ures 3(a) and 4(a) show that the var ia t ion of normal-force coef f ic ien t  
with angle of a t t ack  w a s  nonlinear. I n  the l o w  angle-of-attack range, 
the curves were generally l i nea r  but a t  moderate angles of a t tack,  the  
slopes increased. These increases i n  slope a re  typ ica l  of low-aspect- 
r a t i o  wings a t  both subsonic and transonic speeds (ref.  6)  and are asso- 
c ia ted  with viscous e f f ec t s  on the upper wing surface. A t  both tes t  
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Mach numbers the slopes of the normal-force curves a t  
greater  than t h a t  predicted by l i nea r  theory f o r  a p l a in  wing. These 
grea te r  slopes are associated with the end-plate e f f e c t  of the v e r t i c a l  
ta i ls ;  t h a t  is, the t a i l s  increased the model e f fec t ive  aspect r a t i o .  
Increasing the  Mach number from about 0.62 t o  about 0.96 resu l ted  i n  
increases i n  the  slope of the normal-force curves, as would be expected. 

CN = 0 were 

Pitching-moment charac te r i s t ics . -  The e f f e c t  of symmetrical elevon 
def lect ion on the  pitching-moment coeff ic ients  a t  Mach numbers of about 
0.62 and 0.96 indicate  t h a t  adequate elevon control  w a s  available f o r  
longi tudinal  t r i m  throughout the angle-of -attack range investigated i n  L 
the present t e s t s .  (See f i g s .  3(b)  and 4(b) .)  Generally, the control  7 
effectiveness w a s  e s sen t i a l ly  constant through the angle-of-attack 6 
range f o r  both tes t  Mach numbers. There w a s ,  however, a s m a l l  decrease 0 
i n  control  effectiveness a t  the higher angles of a t tack  investigated a t  
a Mach number of about 0.96 f o r  a symmetrical elevon def lect ion of 10.5'. 
(See f i g s .  4(b) and 4 ( c ) . )  

A t  a Mach number of about 0.62, f igure  3 shows t h a t  the configura- 
t i o n  had a tendency t o  become unstable a t  moderate angles of a t tack  f o r  
a l l  symmetrical control  deflections investigated.  
tha t ,  a t  a Mach number of 0.62, the  configuration without elevons 
def lected w a s  s l i g h t l y  unstable f o r  values of normal-force coef f ic ien ts  
above 0.25. Generally, the model w a s  s tab le  a t  a Mach number of about 
0.96, although there  w a s  a tendency toward decreased s t a b i l i t y  i n  the  
moderate angle-of-attack range. 

Figure 5(a) shows 

Figure 5(b) shows t h a t  increasing the Mach number from about 0.62 
t o  0.96 f o r  a control  def lect ion of 0' resu l ted  i n  a forward s h i f t  of 
center of pressure a t  low values of normal-force coeff ic ients .  Above 
normal-force coeff ic ients  of about 0.25, there w a s  a rearward s h i f t  of 
the center of pressure as the Mach number w a s  increased from 0.62 t o  
0.96. 

Lateral  Aerodynamic Character is t ics  

Lateral  control  effect iveness . -  The elevon rolling-moment effect ive-  
ness generally decreased with increases i n  angle of a t tack  as shown i n  
f igures  6 and 7 f o r  Mach numbers of about 0.62 and 0.96, respect ively.  

A la rger  decrease i n  elevon rolling-moment effectiveness occurred 
f o r  the oppositely deflected elevons ( E L  = SR = -10.2O) a t  both 
Mach numbers than that obtained f o r  the unsymmetrical elevon def lect ion 
(EL = Oo, 
e f f e c t  on rolling-moment coef f ic ien t  of increasing the Mach number from 
about 0.60 t o  0.94 w a s  s m a l l .  

SR = -19.8'), par t icu lar ly  a t  angles of a t tack  above 8'. The 
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The yawing-moment coeff ic ients  due t o  elevon def lect ion were gener- 
a l l y  s m a l l .  The configuration with 6~ = 10.5O and 6~ = - 1 0 . 2 O  had 
adverse yawing moments. 

S t a b i l i t y  derivatives.-  Figure 8 (determined from data a t  angles of 
s i d e s l i p  of 0' and 5') shows t h a t  f o r  an elevon def lect ion of Oo the  
model had pos i t ive  e f fec t ive  dihedral over most of the angle-of-attack 
range a t  both Mach numbers. This configuration a l s o  had almost neut ra l  
d i rec t iona l  s t a b i l i t y  a t  a Mach number of 0.62 and pos i t ive  d i rec t iona l  
s t a b i l i t y  a t  a Mach number of 0.95. 

Deflecting the elevons about -20° (6L = -l9.go, S, = -19.8') gener- 
a l l y  decreased the e f fec t ive  dihedral a t  both Mach numbers and a l so  
decreased d i rec t iona l  s t a b i l i t y  above an angle of a t t ack  of 5 O  f o r  a 
Mach number of 0.95. 

CONCLUSIONS 

A wind-tunnel invest igat ion has been made t o  determine the e f f e c t  

The model had a highly swept clipped-tip low t r iangular  
of elevon def lect ion on the aerodynamic charac te r i s t ics  of a hypersonic 
g l ide r  :nodel. 
wing with a cranked leading edge and upper-surface tip-mounted v e r t i c a l  
t a i l s  with 0.1' toe-out. 
and about 5 O  a t  Mach numbers of about 0.62 and 0.96. 
invest igat ion,  which was conducted through an angle-of-attack range from 
about -lo t o  1g0, indicate  the following: 

Tests were made a t  angles of s ides l ip  of 0' 
Results of the  

1. A t  both t e s t  Mach numbers the slopes of the normal-force curves 
were l i n e a r  a t  low angles of a t t ack  but increased a t  moderate angles of 
a t t ack .  

2. Adequate elevon control  w a s  avai lable  f o r  longitudinal t r i m  a t  
both t e s t  Mach numbers. 

3. A t  a l l  symmetrical elevon def lect ions investigated,  the con- 
f igura t ion  had a tendency t o  become unstable a t  moderate angles of 
a t t ack  f o r  a Mach number of 0.62 and had a tendency toward decreased 
s t a b i l i t y  a t  moderate angles of a t t ack  f o r  a Mach number of about 0.96. 

4. A t  both tes t  Mach numbers, elevon rolling-moment effect iveness  
generally decreased with increases i n  angle of a t tack .  

5. The model had posi t ive e f fec t ive  dihedral over most of the 
angle-of-attack range a t  both Mach numbers and had almost neut ra l  
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di rec t iona l  s t a b i l i t y  a t  a Mach number of about 0.62 and posi t ive direc-  
t i o n a l  s t a b i l i t y  a t  a Mach number of 0.95. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  V a . ,  September 3, 1959. 
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Figure 3.- Effect of symmetrical elevon deflection on the longitudinal 
aerodynamic characteristics at a Mach number of about 0.62. f3 = 0'. 
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Figure 6.- Effect of unsymmetrical elevon deflection on lateral and 
incremental longitudinal aerodynamic characteristics at a Mach num- 
ber of 0.62. p = o O .  
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